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 ᎿቇㇱⅣႺࠪࠬ࠹ࡓᎿቇ⑼ߩฎᎹ⎇ⓥቶߢߪޔ ᐕ߆ࠄߎߩ #PCOOQZ ⚦⩶
ߩ㓸Ⓧߦ㑐ߔࠆ⎇ⓥࠍ㐿ᆎߒޔࡐ࡝ࠛࠬ࠹࡞⵾ਇ❱Ꮣࠍᓸ↢‛ߩઃ⌕ᜂ૕ߣߒ
ߡᵴ↪ߒߚ਄ะᵹࠞ࡜ࡓ࡝ࠕࠢ࠲ࠍ↪޿ߡᣣᧄߢᆎ߼ߡޔ਎⇇ߢ߽㧟⇟⋡ߦ
#PCOOQZ ᳪᵆߩ㓸Ⓧၭ㙃ߦᚑഞߒߚޕ⃻࿷ #PCOOQZ ࠍᵴ↪ߒߚឃ᳓ಣℂࠪࠬ࠹ࡓ
ߩ⏕┙ߦะߌߡ N ߩኈⓍߩᄢဳ࡝ࠕࠢ࠲ࠍᵴ↪ߒߡ #PCOOQZ ᳪᵆߩᄢ㊂ၭ㙃
ߦ㑐ߔࠆ⎇ⓥࠍታᣉߒߡ޿ࠆޕ




ᐔᚑ ᐕᐲ߹ߢߦᓧࠄࠇߚ #PCOOQZ ᳪᵆߩ㓸Ⓧߦ㑐ߔࠆ⎇ⓥቶߢߩ⎇ⓥᚑᨐ
ࠍၮߦߒߡޔᐔᚑ  ᐕᐲߪᰴߩ⋡⊛࡮⋡ᮡߢ⎇ⓥࠍⴕ߁ޕ
40
 N ߩኈⓍߩᄢဳ਄ะᵹࠞ࡜ࡓ࡝ࠕࠢ࠲ߦࠃࠆ #PCOOQZ ᳪᵆߩㄦㅦ࡮ᄢ㊂⺞
⵾ߦ㑐ߔࠆ⎇ⓥࠍⴕ߁ޕ
 28# ࠥ࡞ࡆ࡯࠭ࠍᜂ૕ߣߔࠆ #PCOOQZ ᵹേᐥ࡝ࠕࠢ࠲ߩㆇォᴺࠍ⏕┙ߔࠆߣ
ߣ߽ߦޔߘߩಣℂ․ᕈࠍᛠីߔࠆ⋡⊛ߢ⎇ⓥࠍⴕ߁ޕ

























MI0OF ࠍ㧟ࡩ᦬ᓟߦޔ㧠ࡩ᦬ᓟߦߪ MI0OF ߩᦨᄢ⓸⚛㒰෰ㅦ
ᐲࠍ㆐ᚑߒߚޕ
ԙ ࠬࠤ࡯࡞ࠕ࠶ࡊߒߚ N ߩኈⓍߩᄢဳ਄ะᵹࠞ࡜ࡓ࡝ࠕࠢ࠲ߢ߽ޔ#PCOOQZ
ᳪᵆߩ⩶⋧ߪ቟ቯߒߡ⛽ᜬߐࠇࠆߎߣࠍ⹺߼ߚޕ
























































⩄ߩ┙਄ߍࠍޔᵹ౉᳓ߩ 0*0ޔ010 ߇ OI. ߦߥࠆ߹ߢߪޔᲑ㓏⊛ߦᵹ౉
᳓ߩ⓸⚛Ớᐲࠍ㜞߼ࠆᣇᴺߢ⽶⩄㊂ࠍ MI0OF ߹ߢ㜞߼ޔߘࠇએ㒠ߪᵹ౉
᳓㊂ࠍᲑ㓏⊛ߦ㜞߼ࠆᣇ 㧔ᴺ*46 ࠍ⍴ߊߔࠆ㧕ߢ⽶⩄㊂ࠍ㜞߼ࠆᣇᴺࠍណ↪ߒߚޕ
ߘߩ⚿ᨐޔ ᣣߢ 60 ኈⓍ㒰෰ㅦᐲ MI0OF ࠍޔ ᣣᓟߦ MI0OF



















㙃ߦᚑഞߒߚ #PCOOQZ ᳪᵆߩਛ߆ࠄᬌ಴ߐࠇߡ޿ࠆ #PCOOQZ ⩶ߢ޽ࠆ -57 ᩣ
෸߮-7ᩣ߇ޔ࡝ࠕࠢ࠲ౝߢ߁߹ߊ᫮ߺಽߌࠍⴕߞߡ޿ࠆߎߣ߇ࠊ߆ߞߚޕ-57







ߪߥ߆ߞߚޕߎߩ⚿ᨐޔ-57 ᩣߣߪㅒߦ -7 ᩣߪ⓸⚛⽶⩄ߩ㜞޿᧦ઙߢఝභߔ
ࠆߎߣ߇᣿ࠄ߆ߣߥߞߚޕ




߇  ߣዊߐߥ 28# ࠥ࡞ࡆ࡯࠭ࠍ #PCOOQZ ᳪᵆߩઃ⌕ᜂ૕ߣߔࠆኈ㊂ N
ߩᵹേᐥ࡝ࠕࠢ࠲ࠍ᭴▽ߒߚޕ
ታ㛎㐿ᆎ߆ࠄ⚂ 121 ᣣߢ⓸⚛㒰෰ㅦᐲ 1.0 kg-N/m3/d ࠍ㆐ᚑߒޔ⚂ 220 ᣣ⋡ߢ































ၭ㙃ೋᦼ 1kg 1.5kg 2kg 3kg
࿑㧞 ฦᲑ㓏ߦ߅ߌࠆ KSU-1 ᩣ෸߮ KU2 ᩣߩഀว
43

Ԛ ᣂⷙᜂ૕ߦࠃࠆ #PCOOQZ ᳪᵆߩ㓸Ⓧ




ኈ㊂ N ߩ࡝ࠕࠢ࠲ߦ N ߩࡕ࡞࠻࠮࡜ࡒ࠶ࠢ 㧔ࠬ☸ᓘ㧦㧙OOޔᲧ㊀㧦
ޔᐔဋሹᓘ㧦ǴO㧕ߣࠬࡍ࡯ࠨ࡯ߣߒߡߩౝᓘ OOޔᄖᓘ OOޔ㐳ߐ OO
ߩࠟ࡜ࠬ▤  ᧄలႯߒߚ࿕ቯᐥ /% ࡝ࠕࠢ࠲ࠍㅪ⛯ㆇォߒߚޕ⚂ 275 ᣣ⋡㑆ㆇ
ォߒޔT-N ߩỚᐲࠍ 100 ߆ࠄ 850 mg-N/l ߳ߣᲑ㓏⊛ߦ਄ߍࠆߩߦ઻޿ޔT-N 㒰෰








































Inf. NH4-N Eff. NH4-N Inf. NO2-N





































ᰴߦޔ☸ᓘ 10-15 mm ߩ /% ࠍᜂ૕ߣߔࠆห᭽ߩ࿕ቯᐥ /% ࡝ࠕࠢ࠲ࠍㆇォߒޔ
⚂ 275 ᣣ⋡㑆ㆇォߒߚޕT-N ߩỚᐲࠍ 100 ߆ࠄ 300 mg-N/l ߳ߣᲑ㓏⊛ߦ਄ߍࠆ
ߩߦ઻޿ޔT-N 㒰෰ㅦᐲߪ 0.14㨪3.98 kg-N/m3/d ߦ਄᣹ߒߚޕ236 ᣣ⋡ߦޔᦨᄢ




ࠬࡐࡦࠫࠍᵴ↪ߔࠆ #PCOOQZ ࡝ࠕࠢ࠲ߩኈ㊂ߪ 2.9 Lޔ෻ᔕㇱ૕Ⓧ 2.6 Lޔ࡝ࠕ
ࠢ࠲ߩౝᓘߪ 90 mmޔ࡝ࠕࠢ࠲ߩ㜞ߐߪ 410 mm ߢ޽ࠆޕAnammox ᳪᵆߩઃ⌕
࿕ቯൻᜂ૕ߣߒߡޔᐔဋሹᓘ 1060 ȝmޔෘߐ 10 mmޔ㑆㓗₸ 96%ߩࠬࡐࡦࠫᜂ
૕㧔⴫㕙Ⓧ 960 cm2 ߩ㐳ᣇᒻ 6 ᨎ߆ࠄߥࠆ㧕ࠍ⩵⧎⁁ߦࠕࠢ࡝࡞⵾ߩࡈ࡟࡯ࡓߦ
િᒛߒߡ૶↪ߒߚޕ┙ߜ਄ߍ߆ࠄߩ 2 ࡩ᦬㑆ޔᜂ૕ౝߦኽߓㄟ߼ࠄࠇߚ㉄⚛ߦ
ࠃࠅޔၭ㙃ೋᦼߪᜂ૕ౝߩህ᳇⁁ᘒ߇଻ߡߕޔ0.2 kg-N/m3/day ߣ T-N 㒰෰ㅦᐲ
߇ૐ޿⁁ᘒ߇⛯޿ߚޕᜂ૕ౝߩ㉄⚛߇ᶖ⾌ߐࠇߚᓟޔAnammox ߩᵴᕈ߇࿁ᓳߒޔ
⚂  ᣣ⋡ߢ⓸⚛㒰෰ㅦᐲ 1.0 kg-N/m3/d ࠍ㆐ᚑߒޔ⚂ 140 ᣣ⋡ߢ 2MI0OF
ߦ೔㆐ޔታ㛎ࠍㅢߒߡᦨᄢ 2.84 kg-N/m3/d ࠍ⸥㍳ߢ߈ߚޕ
એ਄ߩࠃ߁ߦޔ#PCOOQZ ᳪᵆߩ㓸Ⓧၭ㙃ߦߪ #PCOOQZ ᳪᵆ߇ઃ⌕ߔࠆᜂ૕ߩ૶
↪߇᦭ലߢޔߘࠇࠄߩ․ᕈࠍ↢߆ߒߚⵝ⟎⸳⸘ߣㆇォࠍࠍⴕ߁ߎߣߢޔ#PCOOQZ
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 NO2-N Rem. Rate
 NO3-N Prod. Rate
 T-N Rem. Rate























































































































ᵹ಴ߩ 0*0Ớᐲߪ 㨪OI. ߢ޽ࠆߩߦኻߒߡޔ010 Ớᐲ߇ 㨪OI.
ߣૐߊ޿ޕߎࠇߪ #PCOOQZ ߩ෻ᔕᲧ߇ 0*0010ѳ ߢ޽ࠆ߇ޔ೨Ბ㓏ߩ
ㇱಽ੝⎣㉄ൻߦ߅޿ߡޔᵹ಴᳓ࠍ 0*0010ѳ ߩ⁁ᘒߢ࿕ቯߒߡ޿ߚ߼ߢ޽
ࠆޕ
















㒰 06 ޿ㄭ㧑 㒠એ⋡ᣣ ޔࠈߎߣߚ޿ᛮ߈ᒁࠍᵆᳪߦ⋡ᣣ ޕࠆ޽ߢ߼ߚߚ
߇₸෰㒰 06 ဋᐔޔߡ޿߅ߦਅઙ᧦ߩᐲỚ 0*0 㜞ޔ㑆ᣣ ޕߚߒᓳ࿁ߦ₸෰
ᄢᦨޔd/3m/gk68.0 ߪᐲㅦ෰㒰 N-T ᄢᦨޕߚ߈ߢ߇ߣߎࠆߔ෰㒰ߡߒቯ቟ߣ㧑
ޕߚ߈ߢ߇ߣߎࠆߔᚑ㆐ࠍ%58 ߪ₸෰㒰N-T
ᐲᚑ㆐ߩᨐᚑ㧚㧠

























㛎⹜ℂಣ⛯ㅪࠍ㗀ᓇߩᐲỚ 55ޔ&1$ ౉ᵹࠆߌ߅ߦℂಣߩߎޕ߁ⴕࠍℂಣ ZQOOCP#
ޕࠆߔߦ߆ࠄ᣿ߢ
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㒰෰ࡊࡠ࠮ࠬߩ㐿⊒ޔᐔᚑ  ᐕᐲ  ਁ౞ޔᐔᚑ  ᐕ㨪 ᐕ
㧨ⅣႺ⋭ᑄ᫈‛ಣℂ╬⑼ቇ⎇ⓥ⾌⵬ഥ㊄㧪
ࡃࠗࠝࠟࠬൻࡊ࡜ࡦ࠻ឃ᳓ਛߩ㜞Ớᐲࠕࡦࡕ࠾ࠕߩ /#2#0#//1: ࡂࠗࡉ࡝࠶࠼
















࡮Pham Khac Lieu, Hayato Homan, Atuhiro Kurogi, Uasunori Kawagoshi, Takao Fujii 
and Kenji Furukawa: Characteristics of Sludge from Single –Stage Nitrogen 
Removal Using Anammox and Partial Nitritation䋨SNAP䋩, Japanese J. of Water 
Treatment Biology, Vol.42, No.2, pp.53-64䋨2006䋩
࡮K. Furukawa, P. K. Lieu, H. Tokitoh and T. Fujii, Development of Single-stage 
49
Nitrogen Removal Using anammox and Partial Nitritation䋨SNAP and its Treatment 
Performances, Water Science & Technology, Vol. 53, No.6, pp.83-90䋨2006䋩
࡮Tran Thi Hien Hoa, Luong Ngoc Khanh, Liu Zhijung,Takao Fujii, Joseph D. Rouse 
and Kenji Furukawa, Nitrogen removal by immobilized anammox sludge using PVA 
gel as biocarrer, Japanese J. of Water Treatment Biology, Vol.42, No.3, pp.139-149
䋨2006䋩
࡮Tran Thi Hien Hoa, Luong Ngoc Khanh, Liu Zhijung, Takao Fujii, Muneshige 
Kinoshita , Hiroyuki Okamoto and Kenji Furukawa, Anammox Treatment 
Performance using Malt Ceramics as a Biomass Carrier, Japanese J. of Water 
Treatment Biology, Vol.42, No.4, pp.159-168䋨2006䋩
࡮Munetaka Shimamura, Takashi Nishiyama, Hiroyuki Shigetomo, Takeshi Toyomoto, 
Yuka Kawahara, Kenji Furukawa and Takao Fujii, Isonlation of Multiheme Protein 
with Features of a Hydrazine-Oxidizing Enzyme from an Anaerobic 
Ammonium-Oxidizing Enrichment Culture, Applied and Environmental 




࡮ Ca The Ha, Van Chieu, Kieu Anh Trung, CaThe Anh, Trung Quan, Kenji Furukawa, 
Pham Khac Lieu and Takao Fujii, An evidence for the contribution of Anammox 
process in nitrogen removal from groundwater, pp.277-284ޔThe 6th General 
Seminar of the Core University Program, “Environmental Science and Technology 
for Sustainability of ASIA” 2006.10.2-4 
࡮ Pham Khac Lieu, Hiroyuki Tokitoh, Hayato Homan, Atuhiro Kurogi and Kenji 
Furukawa, Development of novel nitrogen removal process using anammox and 
partial nitiritation and its application to landfill leachate, pp.305-312ޔThe 6thGeneral
Seminar of the Core University Program, “Environmental Science and Technology 
for Sustainability of ASIA” 2006.10.2-4 
࡮ ฎᎹᙗᴦ㧦Application of Anammox Technology for the removal of high styrength 






࡮ T. Nishiyama, M. Shimamura, K. Furukawa and T. Fujii: A heme protein from an 
anaerobic ammonium-oxidizing biomass having the features conforming to those of 
a putative hydrazine-oxidizing enzyme, 29thAnnual Meeting of the Molecular 


















࡮ቲḩ㓳ੱޔዊጊ⊓৻㇢ޔฎᎹᙗᴦ㧦න৻ᮏဳ #PCOOQZ ࡊࡠ࠮ࠬޟ50#2 ᴺޠࠍ
ᵴ↪ߒߚၒ┙࿾ᶐ಴᳓ߩ⓸⚛㒰෰
㧨ᐔᚑᐕᐲ࿯ᧁቇળ⷏ㇱᡰㇱ⎇ⓥ⊒⴫ળ㧪㧔ᐔᚑᐕ㧟᦬㧥ᣣޔ਻Ꮊ౒┙ᄢቇ㧕
࡮-JCPJ .WQPI ޔฎᎹᙗᴦޔ6TCP 6JK*KGP*QCޔጟᧄ ⵨ⴕ㧦ࡕ࡞࠻࠮࡜
















































































 㜞᷷ࡔ࠲ࡦ⊒㉂ߦߪታኈⓍ 8 L ߩᯏ᪾ᡬᜈဳ⊒㉂ᮏࠍ૶↪ߒޔ᷷ᐲࠍ 56͠ߦ
೙ᓮߒߚޕ߹ߚᮏౝᶧߩ p㧴ߪ pHࠦࡦ࠻ࡠ࡯࡜࡯ߦࠃࠅ 7.5ߦ೙ᓮߢ߈ࠆࠃ߁
ߦߒߚޕ৻ᣣߦ৻࿁ߩ draw-and-fill ᣇᑼߢಣℂ⹜㛎ࠍⴕߞߚޕᵴᕈᳪᵆᮏߦߪ




޿ߣផ᷹ߐࠇߚߩߢࠛޔ ࠬ࠻ࡠࠥࡦᵴᕈߩᬌ಴ߦ㉂Უ two-hybridᴺࠍ↪޿ߡ 17β-
ࠛࠬ࠻࡜ࠫࠝ࡯࡞឵▚୯ߣߒߡ␜ߒߚޕ
䋨3䋩 ታ㛎⚿ᨐ߅ࠃ߮⠨ኤ
 ૶↪ߒߚ‐♮ዩឃ᳓ߩ BOD5, TOC, CODCr, SS, total VFA ߩỚᐲߪߘࠇߙࠇ
27,600 mg/L, 9,470 mg/L, 25,800 mg/L, 58.6 g/L, 12,700 mg/Lߣ㜞޿Ớᐲߢ޽ߞߚޕ
߹ߚޔⅣႺࡎ࡞ࡕࡦ᭽ᵴᕈߪ 200 - 900 µg/L 䋨3.3 - 14.8 µg/g dry weight䋩 ߢ޽ߞߚޕ
TS⽶⩄ 4 g/L/dߦ߅ߌࠆ㜞᷷ࡔ࠲ࡦ⊒㉂ߢߪޔಣℂ᳓ਛߩ TOC߅ࠃ߮ VSSỚᐲ
ߪ߶߷৻ቯߦ଻ߚࠇޔ᦭ᯏ㉄Ớᐲߪ⚂ 300 mg/Lߢ޽ߞߚޕߎߩߣ߈ߩࠟࠬ⊒↢
㊂ߪ⚂ 8,000 ml/L/dޔࡔ࠲ࡦ฽㊂ߪ⚂ 60%ߢ޽ߞߚޕ߹ߚޔᐔဋ⊛ߥⅣႺࡎ࡞ࡕ
ࡦ᭽ᵴᕈߩ㒰෰₸ߪ⚂80%ߢ޽ߞߚޕߎߩࠃ߁ߦߒߡᓧࠄࠇߚህ᳇ᕈಣℂ᳓ࠍ᳓
㆏᳓ߢ㧠୚Ꮧ㉼ߒޔᅢ᳇ᕈಣℂࠍⴕߞߚޕߘߩ⚿ᨐޔtotal-VFA, BOD5, CODCr, TOC, 
TS, VSS ࠍߘࠇߙࠇ 99.7%, 90%, 79%, 84%, 48%, 60% ߦ߹ߢ೥ᷫߔࠆߎߣ߇ߢ










ޔߪ㊂಴ឃߩ 䋩ࠆߔߣ☺㈪὾ޔᓟએ䋨 ᶧᑄ⇐⫳ࠆߔ↢೽ߢ⒟Ꮏ⇐⫳ߩㅧ⵾㈪὾ 
ᐕ 41 ᚑᐔ߽ߢߌߛ⋵ 4 Ꮊ਻ධޔ޿߇ߚߒߦࠆߔടჇ߇㊂ㅧ⵾㈪὾ߢࡓ࡯ࡉ㈪὾
ߪߦᐲᐕㅧ㈬ᐕ 61 ᚑᐔޔLk ਁ 06 ⚂ߢᐲᐕㅧ㈬ᐕ 51 ᚑᐔޔLk ਁ 74 ⚂ߢᐲᐕㅧ㈬
㘃㈬ߩઁޔ߼ߚࠆ޽ߢ㈬⇐⫳ߪ㈪὾ޕࠆ޿ߡߒടჇߦ᏷ᄢޘᐕޔߣ Lk ਁ 58 ⚂
㈪὾ޕࠆ޽ߢ㗴໧߇ߩࠆߔ↢⊒ߊᄙ߇☺㈪὾ࠆ޽ߢ‛↢೽ߦ߁ࠃߩߎߡߴᲧߦ
























⊒㉂⎇ⓥᚲ߆ࠄ⾼౉ߒߚࠢࠛࡦ㉄⠴ᕈࠍ᦭ߔࠆ㈶㉄⩶ Acetobacter aceti IFO 3283
ࠍ↪޿ߚޕ㈶㉄⩶ࠍၭ㙃ߔࠆ㓙ߦ૶↪ߒߚၭ࿾ߪߔߴߡ 121˚Cޔ20 ಽ㑆ߩ᧦ઙ
ߢṌ⩶ߒߚ߽ߩࠍ↪޿ߚޕታ㛎ߦ૶↪ߒߚ㉯ㅧ㈶ߪᤓᐕႎ๔ߒߚᣇᴺߢ⵾ㅧߒޔ




b䋩 In vitro ⹏ଔ㧦☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߩㆊ㉄ൻ⢽⾰࡜ࠫࠞ࡞↢ᚑᛥ೙ᵴᕈߩ᷹
ቯߪޔ࡞ࡒࡁ࡯࡞ଐሽᕈൻቇ⊒శᴺߦᓥߞߡⴕߞߚޕ96 ⓣࡑࠗࠢࡠࡊ࡟࡯࠻ࠍ
↪޿ޔฦ࠙ࠚ࡞ߦ࡝ࡦ㉄✭ⴣṁᶧ 125 µLޔ10 mM ࠫࠛ࠴࡟ࡦ࠻࡝ࠕࡒࡦ 5 ㈶㉄
25 µLޔ300 mM t-BuOOH 25 µLޔ100 mM ࡞ࡒࡁ࡯࡞ 25 µLࠛޔ ࠲ࡁ࡯࡞/PBS㧔2/1㧕
ṁᶧߦ᭽ޘߥỚᐲߢṁ⸃ߐߖߚ᛫㉄ൻᵴᕈ‛⾰ 25 µL ࠍ౉ࠇࠤޔ ࡒࠞ࡞࡞ࡒࡀ࠶
࠮ࡦࠬⵝ⟎㧔ᄢᣣᧄ⵾⮎䋨ᩣ䋩㧕ߢ᷹ቯߒߚޕ෻ᔕߪޔ210 ⑽㑆ޔ37˚C ߢᡬᜈࠍ
ⴕߞߚᓟޔ100 mg/L ࡋࡕࠣࡠࡆࡦࠍ 25 µL ᷝടߒ᷹ቯࠍ㐿ᆎߒߚޕ࡞ࡒࡁ࡯࡞
ߩⰯశᒝᐲࠍ 50㧑ߦᛥ೙ߔࠆ෻ᔕᶧਛߩࠨࡦࡊ࡞Ớᐲࠍ IPOX50୯ߣߒߡ⴫ߒߚޕ
 ࡅ࠻⢄⚦⢩ၭ㙃ᩣ HepG2 ߪࡅࡘ࡯ࡑࡦࠨࠗࠛࡦࠬࠃࠅ⾼౉ߒޔDulbecco’s 
Modified Eagle Medium 䋨DMEM䋩 ߦ 10㧑FBS ࠍട߃ޔ100 µg/mL ࠬ࠻࡟ࡊ࠻ࡑ
ࠗࠪࡦ߅ࠃ߮ 100 units/mL ࡍ࠾ࠪ࡝ࡦࠍᷝടߒߚၭ࿾ࠍ↪޿ߡޔ37˚Cޔ5% CO2
㔓࿐᳇ਅߢၭ㙃ߒߚޕࡅ࠻⢄⚦⢩߇ࠎ⚦⢩ᩣ HepG2 ߳ߩ H2O2 ߦࠃࠆ㉄ൻࠬ࠻࡟
ࠬߦኻߔࠆ᛫㉄ൻᵴᕈߪએਅߩᚻ㗅ߢⴕߞߚޕߪߓ߼ߦޔ㉄ൻࠬ࠻࡟ࠬ H2O2 ࠍ
↪޿ߚ⹜㛎ࠍⴕ߁೨ߦޔ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߦኻߔࠆ⚦⢩Ქᕈ⹜㛎ࠍⴕߞߚޕ
ኻᢙჇᱺᦼߦ޽ࠆ HepG2 ࠍ 96 ⓣᐔᐩࡑࠗࠢࡠࡊ࡟࡯࠻ߦ᠞߈ޔ37˚Cޔ5%CO2
㔓࿐᳇ਅߢ৻᥅ࠗࡦࠠࡘࡌ࡯࠻ߒߚޕHepG2 䋨104 cells/well䋩 ߦޔỚᐲࠍᄌൻߐ
ߖߚฦࠨࡦࡊ࡞ࠍᷝടߒޔ37˚Cޔ5%CO2㔓࿐᳇ਅߢ24ᤨ㑆ࠗࡦࠠࡘࡌ࡯࠻ߒߚޕ
24 ᤨ㑆ᓟޔHepG2 ߩ↢ሽ₸ࠍ MTT ᴺߩᡷᄌߢ޽ࠆ WST-8 ᴺߦࠃࠅ᷹ቯߒߚޕ
ߘߩᓟޔ⚦⢩Ქᕈࠍ␜ߐߥ߆ߞߚỚᐲ▸࿐ߢޔ㉄ൻࠬ࠻࡟ࠬ H2O2 ࠍ↪޿ߚ☨὾
㈪☺߅ࠃ߮㉯ㅧ㈶ߩ᛫㉄ൻᵴᕈ⹜㛎ࠍⴕߞߚޕ᛫㉄ൻᵴᕈ⹜㛎ߪޔcontrol ⟲㧔1.0
mM H2O2 ࠍ 1 ᤨ㑆૞↪ߐߖߚ⟲䋩ޔ☨὾㈪☺⟲㧔ฦỚᐲߩ☨὾㈪☺ࠍ 23 ᤨ㑆૞
↪ߐߖޔ23 ᤨ㑆ᓟߦᵞᵺߒޔ1.0 mM H2O2 ࠍ 1 ᤨ㑆૞↪ߐߖߚ⟲㧕߅ࠃ߮㉯ㅧ
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㈶⟲㧔ฦỚᐲߩ☨὾㈪☺ࠍ 23 ᤨ㑆૞↪ߐߖޔ23 ᤨ㑆ᓟߦᵞᵺߒޔ1.0 mM H2O2
ࠍ 1 ᤨ㑆૞↪ߐߖߚ⟲㧕ࠍ⸳ߌߡⴕߞߚޕ⚦⢩ߩ㉄ൻߩᜰᮡߣߒߡㆊ㉄ൻ⢽⾰
߅ࠃ߮ GSH ࠍ᷹ቯߒޔcontrol ⟲ߣࠨࡦࡊ࡞⟲ߣߩᲧセࠍⴕ޿ᬌ⸛ߒߚޕㆊ㉄ൻ
⢽⾰ߪ thiobarbituric acid 䋨TBA䋩 ᴺߦࠃࠅ᷹ቯߒޔGSH ߪ 5, 5’-dithiobis 
䋨2-nitrobenzoic acid䋩 䋨DTNB䋩 ᴺࠍ↪޿ߡ᷹ቯߒߚޕ
c䋩 In vivo ⹏ଔ㧦ᣣᧄ SLC ᩣᑼળ␠㧔ᵿ᧻Ꮢ㧕ࠃࠅ⾼౉ߒߚ 5 ㅳ઎ߩ㓶ᕈ ddY
ࡑ࠙ࠬࠍ૶↪ߒߚޕࡑ࠙ࠬߪ 22±1˚CޔḨᐲ 55±5%ߦ೙ᓮߐࠇߚേ‛㘺⢒ቶߢ㘺
⢒ߒޔ1 ࠤ࡯ࠫ 5 ඘ߢ㘺⢒ߒߚޕ㘺ᢱ߅ࠃ߮㘶ᢱ᳓ߪ⥄↱៨ขߣߒޔඦ೨ 7 ᤨ߆
ࠄඦᓟ 7 ᤨ߹ߢὐἮߔࠆ 12 ᤨ㑆ߩ᣿ᥧ๟ᦼߣߒߚޕേ‛ታ㛎ߪߔߴߡᾢᧄᄢቇ
േ‛ታ㛎ᜰ㊎ߦߒߚ߇ߞߡⴕߞߚޕ
 CCl4 ߦࠃࠆࡑ࠙ࠬᕆᕈ⢄㓚ኂࡕ࠺࡞ࠍ↪޿ߚ᛫㉄ൻᵴᕈߪએਅߩᚻ㗅ߢⴕߞ
ߚޕAIN-93G ࠍၮḰߦ᛫㉄ൻ‛ߢ޽ࠆ 2,6-bis㧔1,1-dimethylethyl㧕-4-methylphenol 
䋨BHT䋩 ࠍ㒰޿ߚวᚑ㘺ᢱࠍ૞⵾ߒߚޕ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ࠍ↪޿ߡ CCl4 ߦࠃ
ࠆᕆᕈ⢄㓚ኂߦኻߔࠆᛥ೙⹜㛎ࠍⴕߞߚޕCCl4 ߪޔ⢄ઍ⻢ߦࠃࠅ CCl3·ࠍ↢ߓޔ
ߘࠇߦ⛯ߊ࡜ࠫࠞ࡞෻ᔕߦࠃࠅ⢄⚦⢩ࠍ்ኂߒ⢄㓚ኂࠍᒁ߈⿠ߎߔޕ⾼౉ߒߚ 5
ㅳ઎ߩ㓶ᕈ ddY ࡑ࠙ࠬߪޔ㘺ᢱ߅ࠃ߮㘶ᢱ᳓ࠍ⥄↱៨ขߢਈ߃ޔ1 ㅳ㑆ߩ੍஻
㘺⢒ࠍⴕ޿ޔ⹜㛎ࠍ㐿ᆎߒߚޕ㘺ᢱߪޔ਄ㅀߒߚวᚑ㘺ᢱࠍߔߴߡߩ⟲ߩࡑ࠙
ࠬߦ⹜㛎ᦼ㑆ਛߦ⥄↱៨ขߐߖߚޕCCl4 ߦኻߔࠆ⢄㓚ኂᛥ೙⹜㛎ߪޔታ㛎⟲ࠍ
200, 400, 800 mg/kg ߩ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ޔ100 µmol/kg ߩ tyrosolޔၮᧄ㘩ࠍ
ਈ߃ߚCCl4ಣℂߩߺߩ⟲ 䋨control⟲䋩߅ࠃ߮CCl4ಣℂߥߒߩ⟲ 䋨normal⟲䋩ߩ⸘
9 ⟲ࠍ⸳ߌߡⴕߞߚޕฦࠨࡦࡊ࡞ߪ࠱ࡦ࠺ࠍ↪޿ߡ 10 mL/kg ߢ 5 ᣣ㑆ㅪ⛯⚻ญ
ᛩਈߒޔ6 ᣣ⋡ߦ 10% 䋨v/v䋩 CCl4/ᄢ⼺ᴤࠍ⣻⣧ౝߦᛩਈߒߚޕControl ߅ࠃ߮
normal⟲ߪ↢ℂ㘩Ⴎ᳓ߩߺࠍ⚻ญᛩਈߒߚޕCCl4ࠍ⣻⣧ౝߦᛩਈߒߡ 20ᤨ㑆ᓟޔ
ࡑ࠙ࠬࠍ㤗㈮ߦࠃࠅዼᲕߒޔⴊᶧ߅ࠃ߮⢄⤳ࠍណขߒߚޕⴊᶧ߆ࠄⴊᷡࠍណข
ߒޔ⢄㓚ኂߩᜰᮡߢ޽ࠆ⢄⤳㉂⚛ߩ AST 䋨GOT䋩 ߅ࠃ߮ ALT 䋨GPT䋩 ߩᵴᕈࠍ
᷹ቯߒߚޕ߹ߚޔ㉄ൻࠬ࠻࡟ࠬߦࠃࠆ⢄⤳ߩㆊ㉄ൻ⢽⾰߅ࠃ߮ GSH ࡟ࡌ࡞ࠍ᷹
ቯߒޔߐࠄߦ GSH 㑐ㅪ㉂⚛ߢ޽ࠆ GSH Px ߅ࠃ߮ GSH Rd ߩᵴᕈࠍ᷹ቯߒߚޕ
ዼᲕߒߚᓟޔ⢄⤳߅ࠃ߮ⴊᷡߪޔฦ㗄⋡ࠍ᷹ቯߔࠆ߹ߢ㧙80˚C ߦ଻ሽߒߚޕߚ
ߛߒޔฦ㗄⋡ߪ଻ሽߒߡ߆ࠄ 1 ㅳ㑆એౝߦ᷹ቯߒߚޕ
 ฦ⹜㛎ߩ⚿ᨐߪᐔဋ୯ ± ᮡḰ஍Ꮕߢ␜ߒޔ᦭ᗧᏅᬌቯߦߪ t-ᬌቯࠍ↪޿ߚޕ
ෂ㒾୯ P ߇ 0.05 એਅߢ޽ࠆߣ߈ߦ᦭ᗧᏅ߇޽ࠆߣቯ⟵ߒߚޕ
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䋨3䋩 ታ㛎⚿ᨐ߅ࠃ߮⠨ኤ
a䋩 In vitro ߦࠃࠆ᛫࡜ࠫࠞ࡞ᵴᕈߩ⹏ଔ
 ㆊ㉄ൻ⢽⾰࡜ࠫࠞ࡞ߦኻߔࠆᛥ೙ᵴᕈࠍ᷹ቯߒߚ⚿ᨐޔ☨὾㈪☺ߩ IPOX50୯
ߪ 0.005 mL/mLޔ㉯ㅧ㈶ߪ 0.005 mL/mL ߢ޽ࠅޔߣ߽ߦ㜞޿ᵴᕈࠍ␜ߒߚޕ
 ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶߇᦭ߔࠆ᛫㉄ൻᵴᕈ߇↢૕ߢ߽⊒ើߐࠇࠆ߆ࠍ᣿ࠄ߆
ߦߔࠆߚ߼ޔߪߓ߼ߦ⢄⚦⢩ HepG2 ࠍ↪޿ߡᬌ⸛ߒߚޕᦨೋߦ⚦⢩Ქᕈ⹜㛎ࠍ
ⴕߞߚ⚿ᨐޔ࿑ 2-1 ߦ␜ߒߚࠃ߁ߦޔ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߣ߽ߦ⚂ 2.5 mg/mL
߹ߢ⚦⢩Ქᕈࠍ␜ߐߥ߆ߞߚޕߒߚ߇ߞߡޔHepG2 ࠍ↪޿ߚ᛫㉄ൻᵴᕈ⹜㛎ߦ
ߪޔ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߪ 0 - 2.5 mg/mL ߩ▸࿐ߢⴕ߁ߎߣߣߒߚޕ
 ⴫ 2-1 ߦ␜ߒߚࠃ߁ߦ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߢಣℂߒߚ⟲ߪޔ᦭ᗧߦ GSH Ớ
ᐲߩᷫዋࠍᛥ೙ߒߚޕ࿑ 2-1 ߦ␜ߒߚࠃ߁ߦ 2.5 mg/mL એ਄ߩ㉯ㅧ㈶ಣℂߢߪ⚦
⢩Ქᕈࠍ␜ߒߡ޿ߚޕߒߚ߇ߞߡޔ⴫ 2-1 ߩ 2.5 mg/mL ߩ㉯ㅧ㈶ߢߪޔ㉯ㅧ㈶ਛ
ߩࡈࠚࡁ࡯࡞ൻว‛ߦࠃࠆ࡜ࠫࠞ࡞↢ᚑߦࠃࠅ㉄ൻࠬ࠻࡟ࠬ߇↢ߓ GSH ߇ᷫዋ
ߒᆎ߼ߚߣ⠨߃ࠄࠇߚޕ




















⴫ 2-1 HepG2 ߳ߩ H2O2 ߦࠃࠆ㉄ൻࠬ࠻࡟ࠬߦኻߔࠆ⢽⾰ㆊ㉄ൻ߅ࠃ߮⚦⢩ౝ
GSH ࡟ࡌ࡞ߩᷫዋߦኻߔࠆ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߩಣℂߦࠃࠆᛥ೙ലᨐޕ⴫ߪ
ᐔဋ୯ ± SD ߢ⴫ߒߚޕ*P < 0.05, ** P < 0.01 vs. control ⟲ޕ
 ߎߩࠃ߁ߦޔ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߪࡅ࠻⢄⚦⢩߇ࠎ⚦⢩ᩣ HepG2 ߦኻߔࠆ
᛫㉄ൻᵴᕈࠍ᦭ߒߡ޿ߚߚ߼ޔᰴߦޔࡑ࠙ࠬࠍ CCl4 ಣℂߦࠃࠆᕆᕈ⢄㓚ኂࡕ࠺
࡞ࠍ↪޿ߡᬌ⸛ߒߚޕ
 ࿑ 2-2 ߦ␜ߒߚࠃ߁ߦޔ⢄㓚ኂߩᜰᮡߣߥࠆⴊᷡ ALT ߅ࠃ߮ AST ߪޔcontrol
⟲ߪ normal ⟲ߣᲧセߒߡ᦭ᗧߦჇടߒߚޕߒ߆ߒޔ☨὾㈪☺ߩ೨ᛩਈ⟲ߢߪޔ
400 mg/kg એ਄ߩᛩਈߢ control⟲ߣᲧセߒߡⴊᷡ ALTޔAST ߇᦭ᗧߦᷫዋߒߚޕ
߹ߚޔ㉯ㅧ㈶ࠍ೨ᛩਈߒߚ⟲ߪޔ200 – 800 mg/kg ߩᛩਈߢ control ⟲ߣᲧセߒߡ
ⴊᷡ ALTޔAST ߇᦭ᗧߦᷫዋߒߚޕ100 µmol/kg ߩ tyrosol ᛩਈߦ߅޿ߡ߽ޔcontrol
⟲ߣᲧセߒߡⴊᷡ ALTޔAST ߇᦭ᗧߦᷫዋߒߚޕߐࠄߦޔ࿑ 2-3 ߦ␜ߒߚࠃ߁
ߦ CCl4 ߩߺಣ⟎ߒߚ control ⟲ߩ⢄⤳ਛߩㆊ㉄ൻ⢽⾰ߢ޽ࠆ TBARS Ớᐲߪ
normal ⟲ߣᲧセߒߡ᦭ᗧߦჇടߒߚޕߒ߆ߒޔ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ࠍ 200 – 800 
mg/kg ߢ೨ᛩਈߔࠆߎߣߦࠃࠅޔ⢄⤳ਛߩ TBARS Ớᐲ߇ᷫዋߒߚޕ100 µmol/kg
ߩ tyrosol ߩᛩਈߦ߅޿ߡ߽ޔcontrol ⟲ߣᲧセߒߡ TBARS Ớᐲ߇᦭ᗧߦᷫዋߒ
ߚޕએ਄ߩ⚿ᨐ߆ࠄޔ☨὾㈪☺ޔ㉯ㅧ㈶߅ࠃ߮ tyrosol ߩ೨ᛩਈߦࠃࠅޔ᦭ᗧߦ
ᕆᕈ⢄㓚ኂߩ෻ᔕࠍᛥ೙ߢ߈ࠆߎߣ߇ࠊ߆ߞߚޕ
⹜㛎⟲ TBARS GSH 
ᧂಣℂ 㧔normal㧕 0.28 ± 0.08 63.20 ± 7.26 
1.0 mM H2O2 㧔control ⟲㧕 0.66 ± 0.07 39.02 ± 5.48 
0.25 mg/mL ☨὾㈪☺+ H2O2  0.38 ± 0.04*  56.48 ± 1.23* 
0.5 mg/mL ☨὾㈪☺+ H2O2   0.30 ± 0.05**  58.16 ± 5.93* 
1.25 mg/mL ☨὾㈪☺+ H2O2   0.31 ± 0.05**  58.03 ± 6.15* 
2.5 mg/mL ☨὾㈪☺+ H2O2   0.22 ± 0.05**   58.84 ± 1.97** 
0.25 mg/mL ㉯ㅧ㈶+ H2O2   0.38 ± 0.05**  54.66 ± 7.26* 
0.5 mg/mL ㉯ㅧ㈶ + H2O2   0.27 ± 0.04**  59.78 ± 8.28* 
1.25 mg/mL ㉯ㅧ㈶ + H2O2   0.25 ± 0.05**  57.20 ± 7.28* 
2.5 mg/mL ㉯ㅧ㈶ + H2O2   0.29 ± 0.05**  47.26 ± 4.81* 
59
࿑ 2-2 CCl4 ࠍ⣻⣧ౝߦᛩਈߒߚ 20 ᤨ㑆ᓟߩฦ⟲ߩⴊᷡਛߩ ALT ߅ࠃ߮ ASTޕ
ฦࠨࡦࡊ࡞ࠍ 5 ᣣ㑆ㅪ⛯⚻ญᛩਈߒޔ6 ᣣ⋡ߦ 10% 䋨v/v䋩CCl4/ᄢ⼺ᴤࠍ⣻⣧ౝߦ
ᛩਈߒߚޕⴊᷡਛߩ AST ߅ࠃ߮ ALT ߩᵴᕈࠍ᷹ቯߒߚޕᐔဋ୯ ± SD ߢ⴫ߒߚޕ
*P < 0.05, ** P < 0.01 vs. control ⟲
࿑ 2-3 CCl4 ࠍ⣻⣧ౝߦᛩਈߒߚ 20 ᤨ㑆ᓟߩฦ⟲ߦ߅ߌࠆ⢄⤳ਛߩㆊ㉄ൻ⢽⾰
Ớᐲޕฦࠨࡦࡊ࡞ࠍ 5 ᣣ㑆ㅪ⛯⚻ญᛩਈߒޔ6 ᣣ⋡ߦ 10% 䋨v/v䋩CCl4/ᄢ⼺ᴤࠍ⣻
⣧ౝߦᛩਈߒߚޕ⢄⤳ߩㆊ㉄ൻ⢽⾰ࠍ᷹ቯߒߚޕᐔဋ୯ ± SD ߢ⴫ߒߚޕ*P < 0.05, 































































































㉄ൻ‛⾰ߢ޽ࠆޕ࿑ 2-4 ߦ␜ߒߚࠃ߁ߦޔCCl4 ߩߺಣ⟎ߒߚ control ⟲ߪޔnormal
⟲ߣᲧセߒߡ㗼⪺ߦ GSH Ớᐲ߇ᷫዋߒߡ޿ߚޕߒ߆ߒޔ400, 800 mg/kg ߩ☨὾
㈪☺ߩ೨ᛩਈߦࠃߞߡޔGSH Ớᐲ߇᦭ᗧߦჇടߒߚޕ߹ߚޔ㉯ㅧ㈶ߪ 200 – 800 
mg/kg ߩ೨ᛩਈߦࠃߞߡ߽᦭ᗧߦჇടߒߚޕ100 µmol/kg ߩ tyrosol ߩᛩਈߦ߅޿
ߡ߽ޔcontrol ⟲ߣᲧセߒߡ᦭ᗧߦჇടߒߚޕGSH 㑐ㅪ㉂⚛ߣߒߡ GSH Px ߅ࠃ
߮ GSH Rd ߩᵴᕈࠍ᷹ቯߒߚ⚿ᨐޔ࿑ 2-5 ߦ␜ߒߚࠃ߁ߦޔCCl4 ߩߺಣ⟎ߒߚ
control ⟲ߢߪߘࠇߙࠇ⚂ 70㧑, ⚂ 50%ߦૐਅߒߚޕߒ߆ߒޔGSH Px ᵴᕈߪޔ400,
800 mg/kg ߩ☨὾㈪☺ߩ೨ᛩਈߦࠃߞߡ᦭ᗧߦ਄᣹ߒޔ800 mg/kg ߩ㉯ㅧ㈶ߩ೨
ᛩਈߦࠃߞߡ߽᦭ᗧߦ਄᣹ߒߚޕߐࠄߦޔGSH Rd ᵴᕈߪޔ400, 800 mg/kg ߩ☨
὾㈪☺ߩ೨ᛩਈߦࠃߞߡ᦭ᗧߦ਄᣹ߒޔ㉯ㅧ㈶ߩ೨ᛩਈߦࠃߞߡ߽௑ะ⊛ߦᵴ
ᕈ߇਄᣹ߒߚޕ100 µmol/kg ߩ tyrosol ߩᛩਈߢߪޔcontrol ⟲ߣᲧセߒߡჇടߔࠆ
௑ะࠍ␜ߒߚޕ
࿑ 2-4 CCl4 ࠍ⣻⣧ౝߦᛩਈߒߚ 20 ᤨ㑆ᓟߩฦ⟲ߦ߅ߌࠆ⢄⤳ਛߩ GSH Ớᐲޕ
ฦࠨࡦࡊ࡞ࠍ 5 ᣣ㑆ㅪ⛯⚻ญᛩਈߒޔ6 ᣣ⋡ߦ 10% 䋨v/v䋩CCl4/ᄢ⼺ᴤࠍ⣻⣧ౝߦ
ᛩਈߒߚޕ20 ᤨ㑆ᓟޔ⢄⤳ਛߩ GSH Ớᐲࠍ᷹ቯߒߚޕᐔဋ୯ ± SD ߢ⴫ߒߚޕ








































































































࿑ 2-5 CCl4 ࠍ⣻⣧ౝߦᛩਈߒߚ 20 ᤨ㑆ᓟߩฦ⟲ߦ߅ߌࠆ⢄⤳ਛߩ GSH Px ߅
ࠃ߮ GSH Rd ᵴᕈޕฦࠨࡦࡊ࡞ࠍ 5 ᣣ㑆ㅪ⛯⚻ญᛩਈߒޔ10% 䋨v/v䋩CCl4/ᄢ⼺ᴤ
ࠍ⣻⣧ౝߦᛩਈߒߚᓟߩ GSH Px ߅ࠃ߮ GSH Rd ᵴᕈޕᐔဋ୯ ± SD ߢ⴫ߒߚޕ




























a) ᐓẟᐩᵆࠨࡦࡊ࡞߆ࠄߩ DNA ᛽಴
 50 ml ኈࡈࠔ࡞ࠦࡦ࠴ࡘ࡯ࡉߦ౉ߞߚᐓẟᐩᵆࠨࡦࡊ࡞ࠍᓸ㊂㜞ㅦ㆙ᔃᯏ
㧔TOMY MX-301㧕ߢ㆙ᔃಽ㔌ߒޔᓧࠄࠇߚ਄ᷡ㧔㑆㓗᳓㧕ߪ 15 ml ኈࡈࠔ࡞ࠦ
ࡦ࠴ࡘ࡯ࡉߦ⒖ߒޔ㧙20͠ߢ଻ሽߒߚޕ㆙ᔃᓟޔᱷߞߚᐩᵆߦṌ⩶ߒߚ 1PBS
ṁᶧࠍട߃ߡ Ộߒ㆙ᔃಽ㔌ߒߚޕ਄ᷡࠍᝥߡޔᱷߞߚᐩᵆߦṌ⩶ߒߚ 1PBS
ṁᶧࠍട߃ߡ Ộߒޔߎࠇࠍ 6 ᧄߩ 1.5 ml ኈࠛ࠶ࡍࡦ࠼࡞ࡈ࠴ࡘ࡯ࡉߦಽᵈߒޔ
DNA ᛽಴↪ࠨࡦࡊ࡞ߣߒߚޕ50 ml ኈࡈࠔ࡞ࠦࡦ࠴ࡘ࡯ࡉߦᱷߞߚ Ộ‛ߪ
10,000 rpm࡮4͠࡮10 ಽ㑆㆙ᔃಽ㔌ߒޔ਄ᷡࠍᝥߡߚᓟ㧙80͠ߢ଻ሽߒߚޕDNA
᛽಴ߦߪ Fast DNA SPIN Kit for Soil ࠍ૶↪ߒߚޕ
b䋩 DGGE ᴺߦࠃࠆᯏ⢻ᕈㆮવሶࠍᮡ⊛ߣߒߚᓸ↢‛⟲㓸ߩ⸃ᨆ
 ⎫㤛ઍ⻢ߦ㑐ଥߔࠆ dsrB߅ࠃ߮⓸⚛ઍ⻢ߦ㑐ଥߔࠆ amoA, nirS ߩ㧟⒳㘃ߩᯏ
⢻ᕈㆮવሶߦ⌕⋡ߒޔᄌᕈ೷Ớᐲ൨㈩ࠥ࡞㔚᳇ᵒേ 䋨DGGE䋩 ߦࠃࠅ⸃ᨆߒߚޕ
ᢥ₂⺞ᩏࠍⴕ߁ߎߣߢฦㆮવሶࠍ PCR Ⴧ᏷ߔࠆߚ߼ߩ primer ࠍ⸳⸘ߒޔᦨㆡߥ




 EGGD ߚߒߣ⊛ᮡࠍၞ㗔ሶવㆮ Brsd ߩ⩶రㆶ㉄⎫ 䋩a
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EGGD ߚߒߣ⊛ᮡࠍၞ㗔ሶવㆮAoma ߩ⩶⚦ൻ㉄ࠕ࠾ࡕࡦࠕ 㧕b
ޔ඙⟎⸳ࡊࠗ࠲ࡦ࡯࡟࠼㧦Dޔ඙セᲧ޿ߥ޿ߡߒ⟎⸳ࠍⓣᎽ㧦H
඙⟎⸳ࡊࠗ࠲ሼ U㧦Uޔ඙⟎⸳ࡊࠗ࠲ࡦ࡯࡟࠼ XAM㧦M
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DGGE ࠨࡦࡊ࡞⺞⵾↪ߩ PCR ߦ߅޿ߡჇ᏷߇⿠ߎࠅߦߊߊޔDGGE ࠨࡦࡊ࡞Ớ




Fig. 3-5 ੱᎿᎽⓣ⸳⟎⋥ᓟ߅ࠃ߮⸳⟎ 9 ࡨ᦬ᓟࠨࡦࡊ࡞ߦ߅ߌࠆ nirS ㆮવሶ
㗔ၞࠍᮡ⊛ߣߒߚ DGGE
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 න㔌⚦⩶ߩ 2*$ ⾗ൻᕈ߅ࠃ߮⣕⓸⢻
 ᤓᐕᐲߦන㔌ߐࠇߚ⚦⩶ -( ᩣ߇ 2*$ ࠍන৻὇⚛Ḯߣߒߡ↢⢒น⢻ߢޔ߆ߟ
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ኙᄤၭ࿾ࠍ (KI ߦ␜ߔ૞ᚑᣇᴺߦೣߞߡ⺞⵾ߒޔ-( ᩣࠍᬀ⩶ߒߡህ᳇ၭ㙃ࠍ





Ԙ὇⚛Ḯࠍ㒰޿ߚ )KNVC[ ᶧ૕ၭ࿾ߦ IN ߩኙᄤࠍട߃ޔࠝ
࡯࠻ࠢ࡟࡯ࡉߦߡ ͠ ಽ㑆Ṍ⩶


























 2*$ ⾗ൻᕈ⣕⓸⚦⩶ -( ᩣߩหቯߦ㑐ߔࠆ↢ℂቇ⊛⻉ᕈ⾰
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Characteristics Results Characteristics Results Characteristics Results
Flagellum r Assimilation of Acid production from 
Growth at 42 㷄 variable Glucose 㧗 Glucose 㧗
Catalase 㧗 L-Arabinose 㧙 Lactose 㧗
Oxidase 㧗 D-Mannose 㧙 Maltose 㧗
Indole production 㧙 Maltose 㧙 Sucrose 㧙
Nitrate reduction 㧗 D-Mannitole 㧙 Mannitol 㧙
Nitrite reduction 㧗 N-Acetyl-D-glucosamine 㧗 Alcalinization of
Arginine hydrase 㧙 Gluconate 㧗 Acetate 㧗
Urease 㧗 n-Caprate 㧙 Lactate 㧗
㱎-glucosidase 㧙 Adipate 㧙 Oxalate 㧙
㱎-galactosidase 㧙 DL-Malate 㧗 Tartrate 㧗
Protease (gelatine) 㧙 Citrate 㧗
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    Fig.6  pH effect on K2F growth Fig.7  pH effect on nitrate reduction

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⢻ߢ߆ߟ⎣㉄ࠍ⓸⚛ࠟࠬߦ߹ߢㆶర㒰෰น⢻ߥ 2*$ ⾗ൻᕈ⣕⓸⚦⩶ -( ᩣ߇ಽ
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ࠇߐᨴᳪߦ sCFC ߩਛ᳇ᄢ㧘ᨐ⚿ߩߘޕࠆߔ౉ᷙߦ࡞ࡊࡦࠨ᳓߇ sCFC ߩਛ᳇ᄢ
ޕߔࠄߚ߽ࠍ࡯࡜ࠛߥೞᷓߦᨐ⚿㧘ࠅߥߦߣߎࠆߔᨆಽ࡮ቯ᷹ࠍ࡞ࡊࡦࠨ᳓ߚ
࡞ࡊࡦࠨ᳓㧘߇ౕེࠆߔ᦭ࠍ⾰ᕈߚߞ޿ߣߤߥࠆߔ⌕ 㧘ๆࠆࠇ߹฽߇ sCFC ߚ߹
޿߅ߦ㓏Ბฦߩᨆಽ࡮᳓ណߡߞࠃޕߔ߷෸ࠍ㗀ᓇߦᨐ⚿߽ࠇߎ㧘߫ࠇߔ⸅ធߦ
ޕࠆࠇࠄ߼᳞߇ᴺᣇߚߒ㒰ឃࠍᕈ⢻นߩᨴᳪࠆࠁࠄ޽㧘ߡ
 ,.la te nospmohT㧔ࡦࠗ࡜ℂಣ೨ᨆಽ sCFC ߩ᳓ਅ࿾ࠆࠃߦࠄ nospmohT .1 ࿑
ޕ㧕4791
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࿑ 2. CFCs ಽᨆ↪ߩ᳓ࠨࡦࡊ࡝ࡦࠣࠪࠬ࠹ࡓ
ߩ᭎ⷐޕ
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CFCs ࠍ᝝㓸ߒ㧘ECD㧙ࠟࠬࠢࡠࡑ࠻ࠣ࡜ࡈ㧔ፉᵤ⵾૞ᚲ Shimadzu GC-8AIE㧕ߦ
⴫ 1. ࠨࡦࡊ࡞ߩ⻉రߣಽᨆ⚿ᨐޕ
3H EC
CFC12 CFC11 CFC113 (TU) (mS/m)
S-6 Spring Headwater 218.35 427.72 52.66 15 2.0 11.7
S-2 Spring Midstreamregion 139.66 244.25 33.97 25 2.3 13.8
S-15 Spring Coastline 27.22 60.83 - > 50 2.2 19.2
SB-2D Deepborehole Coastline 23.85 29.78 - > 50 0.1 19.2
Dating by
CFC





ࠃࠅ CFC-11㧘CFC-12㧘CFC-113 ࠍ᷹ቯߒߚޕ⚿ᨐࠍ⴫ 2 ߦ␜ߔޕߎࠇߦࠃࠇ߫㧘
SB-2D ߦ߅ߌࠆ CFC-11 ߪ 15 pg/kg ⒟ᐲߣ߈ࠊ߼ߡૐߊ㧘৻ᣇ S-2 ߩߘࠇߪ 260
pg/kg ࠍ␜ߒߚޕߎߩ୯ࠍ↪޿㧘ណ᳓࿾ਅ᳓ࠨࡦࡊ࡞ߩṛ⇐ᤨ㑆ࠍផቯߔࠆߣ㧘
Ḯᵹၞߩḝ᳓ߦ߅޿ߡṛ⇐ᤨ㑆 15 ᐕ㧘ਛᵹၞߩߘࠇߪ 25 ᐕ㧘ᴪጯㇱߦ߅޿ߡ
50 ᐕએ਄ߣផቯߐࠇࠆޕ
࿑ 4. CFCs ಽᨆ↪೨ಣℂ࡜ࠗࡦ
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isotopic and geochemical characteristics of groundwater in Kherlen River 
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࡮Sustainable development of groundwater resources to support 700,000 residents’ city 
water ––Trans-boundary groundwater resource management in the case of 
Kumamoto area, Japan ̆  International workshop on Water Cycle and 
Sustainable use of water resources. 16-18 Oct. 2006, Shijiazhuang, China. 䋨Invited
speaker䋩
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✛ᎹᴡญᏀጯ஥ߩᓮヨ᧪ᶏጯߩ 3 ࿾඙ߦᵈ⋡ߒ㧔࿑ 1㧕㧘ᶏጯ✢߆ࠄᴒߦะ߆ߞ







































































ᄙߊߩࠨࡦࡊ࡞ߦ౒ㅢߒߡ 0.74㧘1.145㧘2.215 µm ઃㄭߦ෻኿₸ߩๆ෼Ꮺ߇ሽ
࿷ߒ㧘ࠬࡍࠢ࠻࡞ࡄ࠲࡯ࡦߦၮߠߊߣ㧘᷹ቯ⚿ᨐߪ 3 ߟߩ࠲ࠗࡊߦᄢ೎ߢ߈ࠆ
ߎߣ߇ࠊ߆ߞߚޕ޿ߕࠇ߽ 1 µm એਅߩนⷞ࡮ㄭ⿒ᄖၞߦᭂᄢ୯㧔MR1 ߣ߅ߊ㧕
ࠍ᦭ߒ㧘1.145 µm ߢᭂዊߣߥࠅ㧘2~2.5 µm ߩ⍴ᵄ㐳⿒ᄖၞߦ 2 ߟ߼ߩᭂᄢ୯
㧔MR2㧕ࠍߣࠆޕA࡮B ࠲ࠗࡊߢߪ MR2 ߩᣇ߇ᄢ߈޿߇㧘B ࠲ࠗࡊߪนⷞၞߢ
ߩ෻኿₸ߩჇട߇․ߦᄢ߈޿ߣ޿߁․ᓽ߇޽ࠆ㧚C ࠲ࠗࡊߢߪ MR1 ߣ MR2 ߦ
ᄢᏅߪߥ޿ޕᓮヨ᧪㧘⊕Ꮉᴡญࠨࡦࡊ࡞ߪߘࠇߙࠇ A ࠲ࠗࡊ㧘C ࠲ࠗࡊߩഀว
߇ᄙߊ㧘ᐓẟၸⓍ‛ߩ㋶‛⚵ᚑ߿‛ᕈߩ⋧㆑߇ផኤߢ߈ࠆޕߘߎߢ㧘64~250 µm
ߩ☸ᓘ▸࿐ߩߺࠍ↪޿ߡ㊀㋶‛ಽᨆࠍⴕߞߚ㧔࿑ 2㧕ޕਥⷐ㋶‛ߩ฽᦭₸ߣ෻኿


















































































␜ߔ 11.5 mm2 ߣ޿߁㒢ࠄࠇߚ▸࿐ߩጤ⍹⹜ᢱ↹௝࠺࡯࠲ࠍ↪޿ߚߣߎࠈ㧘ㅘ᳓
⹜㛎ߢ↪޿ࠄࠇࠆ⹜ᢱߩᄢ߈ߐ⒟ᐲ߹ߢߩ㗔ၞߦ߅ߌࠆⓨ㓗ಽᏓ߇ࠪࡒࡘ࡟࡯



















































NS㧘NE ߩ 4 ᣇะߦᄢ೎ߒ㧘
ฦ▸࿐ߦ 0㧘1 ߩࠗࡦ࠺ࠖࠤ࡯࠲ࠍਈ߃ߚޕߎࠇࠍ੉ⵚ࠺࡯࠲ߩ૏⟎ߦ߅ߊޕߎ
ߩࠃ߁ߥ࠺࡯࠲ߦਥᚑಽಽᨆࠍㆡ↪ߒ㧘╙ 1㨪╙ 3 ਥᚑಽߩ୯ߩߺߩ࠮ࡒࡃ࡝ࠝ






































ߢ߹ mk 01 ᐲᷓߩ㊁ᐔᧄᾢߣጀᢿᎹ↰Ꮣ㧘ߒᣉታࠍᩏត TM ߡߒߣ࿐▸⽎ኻࠍ
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MT តᩏߢߪ㧘ᣣᄹਭᢿጀߦ⋥੤ߔࠆ 3 ᧄߩ᷹✢ࠍർ஥߆ࠄ⚂ 18 km, 12 km 㑆
㓒ߢ⸳ߌ㧘㗅ߦ hng-1㧘-2㧘-3 ߣ⒓ߔࠆޕMT ᴺߩ᷹ቯߪߎࠇ߹ߢߣห᭽ߢ޽ࠅ㧘
Phoenix ␠⵾ߩ MTU-5 ߣ MTU-2E ࠍ૶↪ߒߚޕMTU-5 ߪ੕޿ߦ⋥੤ߔࠆ᳓ᐔ㔚
႐ 2 ᚑಽߣ᳓ᐔ⏛႐ 2 ᚑಽ㧘߅ࠃ߮ု⋥⏛႐ 1 ᚑಽߩ⸘ 5 ᚑಽࠍ᷹ቯߒ㧘MTU-2E
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ขᓧߒߚޕ1 ߟߩ᷹ὐߦ߅ߌࠆ࠺࡯࠲ขᓧߪ 3 ᣣ㑆ࠍၮᧄߣߒ㧘S/N Ყߩ㜞޿࠺
࡯࠲߇ᓧࠄࠇࠆ߹ߢᦨ㐳 9 ᣣ㑆⛮⛯ߒߚޕ
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ߥࠅߢ㗼⪺ߥ࠳ࡔ࡯ࠫ࠱࡯ࡦ߇ᒻᚑߐࠇߚߣ⠨߃ࠄࠇࠆޕ
࿑ߢߪ㧘ߎߩᲧᛶ᛫ಽᏓߣ਻Ꮊᄢቇ࿾㔡Ἣጊ⎇ⓥ࠮ࡦ࠲࡯ߦࠃࠆ 1995 ᦬ 6 ᦬


















































































































04㨪01 ⚂㧘ᓟߚߒቯ቟߇✢ᦛ᛫ᛶᲧߌដ⷗㧘޿ⴕࠍቯ᷹ߦ⊛⛯ㅪߢ㓒㑆⑽ 01 ⚂
✢᷹ߦ߁ࠃߔ␜ߦ 11 ࿑ޕ߻ㅴࠍ਄✢᷹ߡߒ㄰ࠅ➅ࠍ⦁஗ߣേ⒖ߩ⦁ߟߕ㓒㑆 m
ޕߚߞⴕߡߌ߆ߦᣣ 31㨪6 ᦬ 01 ᐕ 6002 ߪቯ᷹㧘ࠅ޽ߢmk 11 ߪ㐳ᑧ✚㧘ߌ⸳ᧄ 8 ߪ
ߒᣉታࠍᩏត᳇㔚ߢ✢᷹ 4 ߩ mk 41 㐳ᑧ✚ߚߒቯ⸳ߦᶏ᣿᦭ߪߦᐲᐕ 71 ᚑᐔ
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Scheme 1 Preparation route for a bifunctional chelating fiber 
FNPS containing aminomethylphosphonate and sulfonate 
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㧔mmol/g㧕 㧔mmol/g㧕 㧔mmol/g㧕 㧔mmol/g㧕
1.5㧔0.1㧕a㧕 2.8㧔0.1㧕a㧕 1.0㧔0.1㧕a㧕 6.0㧔0.3㧕a㧕



























































































Figure 1 Column-mode uptake of Zn㧔II㧕 from feeds containing 0.010 M of zinc nitrate.
pH of feeds: A 2.0 and B 5.4. Column: 2 mL of wet FNPS in hydrogen ion form. Flow 
rates of feeds in space velocity 㧔SV㧕 are shown in each inset. 
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Table 2 Effect of concentration of Zn䋨II㧕 in feeds on 5 % 








6.5 2360 1.3 
6.5 2360 1.3 
65 188 1.0 
65 189 1.0 
650 16.9 0.93 


























































Table 3 Effect of calcium and magnesium ions on uptake of zinc ion 
Composition of 
feeda㧕
5 % Breakthrough 
point of Zn䋨II㧕




㧔mg/L㧕 㧔mL/mL-F㧕 㧔mmol/g㧕 㧔mL/mL-F㧕
Zn䋨II㧕 6.5, Ca 
10.5
945 0.62 ca 2000 
 1030 0.71 ca. 2000 
Zn䋨II㧕 6.5, Mg 
2.9
1480 0.82 More than 2000 
 1500 0.84 More than 2000 
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Zn Pb Fe Al Co Mn Ni
dust A 12.53 0.384 32.4 0.51 0.025 2.04 0.17
dust B 13.48 0.686 37 0.41 0.019 3.12 0.12
dust C 9.2 0.636 39.4 0.41 0.017 2.8 0.21
Mg Si Ca Cr S Cl F
dust A 1.28 1.61 6.59 0.6 0.44 0.82 4.12
dust B 1.12 1.28 6.21 0.55 0.42 0.53 3.74












































































































































HNO3 concentration 㧔mol/l㧕 H2SO4 concentration 㧔mol/l㧕
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Effect of Dense Layer Formation on Dissolution Rate of MgO-C Refractory 
in Molten  Slag㧦Hiroyuki SUNAYAMA and Masayasu KAWAHARA㧘
Advances  in Science and Technology㧘Vol. 45㧘pp. 162-165㧔2006㧕
Oxidation Rate of Magenesia-Carbon Refractory with Aluminum Additive 
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groundwater in the coastal zone and their effect on the environmental 
nutrient load toward the sea”  
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